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EXAMINATION OF THE EPIDERMIS BY THE STRIP METHOD
II. BIOMETRIC DATA ON REGENERATION OF THE HUMAN EPIDERMIS*
HERMANN PINKUS, M.D.f
Although it may seem surprising that such a basic question has not been
answered long ago, the mechanism of epidermal regeneration has come under
renewed scrutiny during the past few years. There is indeed a classical answer
which states that the epidermis replaces the desquamating keratinized cells
through mitotic division of the cells of the basal layer (F. Pinkus (1)). Thuringer
(2) and Cowdry and Thompson (3) reported that mitoses occurred also in the
prickle cell layer. They even found that the cells of the rete Malpighi above the
basal layer showed three times as many mitoses as the latter. Still Cowdry (3, 4)
defended the basic thesis that all epidermal cells are derived from the basal cells,
which he called vegetative intermitotics, even though the prickle cells—the
differentiating intermitotics—boost the total number of cells available for kera-
tinization and desquamation.
This basic concept was attacked from two sides and for two different reasons.
One reason was an apparent paradox in cutaneous carcinogenesis which Eichen-
laub and Osbourn (5) recently expressed as follows: "If we consider the basal cells
as the parent cells of the prickle cells, then we have the more primitive cell giving
rise to the less malignant tumor". The other reason was the small number of
mitoses which was found in normal epidermis, and which was held insufficient
for replacement of the constant loss of cells. The supposedly insufficient number
of mitoses led Andrew (6) to postulate that lymphocytes migrated into the epi-
dermis and there transformed into prickle cells through the intermediary state
of the so-called cells of Masson (7) which most authors consider to be specific
pigment forming cells in the epidermis (melanoblasts, dendritic cells, melano-
genocytes) (8). Andrew based his conclusions on the interpretation of sections of
rat and human skin stained with hematoxylin and eosin. Eichenlaub and Osbourn
(5), on the basis of examination of embryonic pig skin, concluded that the lowest
layers of prickle cells constituted a true stratum germinativum, and that the
prickle cells were more concerned with proliferation than the basal cells.
Stained and fixed sections of normal skin are notoriously open to individualistic
interpretation. In the large volume of literature which exists on anatomy of the
skin, similar material has often been interpreted in quite different ways by equally
capable observers. It appeared advisable to approach the problem of epidermal
regeneration by experimental means, and it was considered desirable to study
human tissue because animal epidermis differs in several respects from that of
man. A preliminary survey of the literature revealed that the human epidermis
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seems to be a peculiarly refractory object for experimeutation. At the same time
it became apparent that very few quantitative data are available, even on such
basic facts as number of cells per mm2 of skin surface, or size and variability of
cells and nuclei.
Attempts to study epidermal regeneration under experimental conditions fall
into two large groups. Some authors (9) studied regeneration after complete loss
of the epidermis as in healing wounds, after burning, or after freezing. Otber
authors (10) tried to stimulate proliferation of the undamaged epidermis by such
means as friction, active or passive hyperemia, hormonal action, increase of
temperature, electric stimulation, or running in tread mills. Practically all of
these experiments were done on animal skin.
In order to be easily applicable to human subjects, a metbod should be as
painless as possible, and in order to reduce the number of uncontrolled factors,
damage to the epidermal cells should be held to a minimum. Also, if possible, the
proliferative stimulus should simulate physiologic conditions. An approach
which combines all three requirements was found in Wolf's (11) method of re-
moving single horny layers by means of pressure sensitive transparent adhesive
tape. Wolf had used this method exclusively for the microscopic examination of
the stripped-off horny material. It was found (12) that removal of almost all of
the horny layer could be achieved gently and painlessly by using Scotch Tape®
and that this procedure provided a powerful stimulus for epidermal prolifera-
tion which replaced the lost outer layers within a few days' time. A first rather
crude count showed at least 1j mitoses in the epidermis forty-eight hours after
stripping (12).
This presentation attempts to give a more complete quantitative analysis of the
changes which take place in the number and size of cells, and also, in the number
of mitoses in relation to completeness of stripping and to time elapsed after strip-
ping. Some other points will be touched upon, and some conclusions concerning
the mechanism of epidermal regeneration will be drawn.
MATERIAL AND METHOD5
The method, as described in a previons publication (12), is as follows. A strip of trans-
parent Scotch Tape®, 1.25 cm wide and about 5 cm long, was applied to the relatively hair-
less flexor surface of the forearm, was patted down gently, and then pulled off quickly by
grasping the tape at one end and doubling it back on itself. The tape was mounted on a
glass slide, and microscopic examination showed that a practically single, not quite com-
plete layer of keratinized flakes had adhered to the sticky surface. The process was re-
peated on the same area of skin again and again until definite signs of denudation appeared.
The skin then presented a slightly red, shiny, but completely dry surface. Immediate ex-
amination with a magnifying glass or a binocular dissecting microscope permitted one to
see the somewhat dilated capillaries through the glass-clear rete Malpighi. The stripped
area was left uncovered, and 2 mm punch biopsies were taken at varying intervals, using
subcutaneous infiltration with procaine but no antiseptic, before removal of the specimen.
The tissues were fixed immediately in picric acid and formaldehyde solution (Bonin's fluid
without acetic acid). After embedding in paraffin, serial sections of approximately S micron
thickness were cut and stained with hematoxylin and eosin.
The nuclei were counted in five consecutive sections of each specimen using an oil immer-
sion objective and an eyepiece with a square aperture (970 X magnification). All nuclei
visible in the sections were counted, care being taken to select sections which did not con-
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FIG. 1. Diagrams of strip patterns. A. Experiment I., B. Experiment II. For details
compare text.
Both experiments reported here were done on the same man who had also served for the
previously reported preliminary experiment in order to avoid the factor of individual vari-
ation.
EXPERIMENTAL OBSERVATIONS
Experiment I. Two strips were denuded on the left forearm, parallel to each
other and about 3 cm apart. Twenty-eight applications were needed for prac-
tically complete denudation. One half hour later, a biopsy was taken in the distal
third of one strip, and at the same time a similar biopsy of nearby normal skin
was taken for control. Additional biopsies were taken at 12, 24,36, 47, and 72
hours, as indicated in diagram A. (Fig. 1.)
Figures 2 and 3 show representative sections of the seven biopsies taken in
Experiment I photographed at identical magnification. It can be seen in Fig.
2 B that the loose and rather thick stratum corneum which is present in Fig. 2 A
has been stripped off completely. The stratum granulosum is not clearly visible
either because it was lost also, or because it has become part of the dehydrated
upper layer which has formed on the surface. The basal cells are larger and more
widely spaced than in the normal state, and rete ridges and papillae are flattened.
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tam sweat ducts or hair follicles and which gave the appearance of having been cut per-
pendicular to the surface of the epidermis. The nuclei were counted in ten consecutive
squares in the central parts of the sections. A correction was then made according to Aber-
crombie's formula (13) in order to eliminate double counting of resting nuclei. Mitoses were
compared individually in neighboring sections and double counts were eliminated in this
way. The mean diameter of various classes of nuclei was arrived at by measuring 100 nu-
clei at 970 X magnification using a calibrated eyepiece micrometer, and dividing the sum
of the measured values by 100.
The number of cells was expressed as cells per mm2 of skin surface by using the follow-
ing formulas:
1. Abererombie's formula: P = A
—--—, where P is the true number of nuclei, A is thed+m
counted number, in is the thickness of the section, and d is the mean diameter of the nu-
clei.
1000000 .2. F = P — , where F is the final corrected number per mm2, M is the sum of theMxL
thickness of all sections, and L is the overall length of section covered by 10 squares.
— proitmat.
7) 0 36
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Fin. 2. Sections of biopsies taken in Experiment I, stained with hematoxylin and eosin
and reproduced at identical magnification. A. normal skin of flexor surface of forearm, B.
3 hour after stripping, C. 12 hours after stripping, D. 24 hours after stripping. For details
see text.
The number of prickle cell layers is reduced, and there are numerous pyknotic
nuclei. Fig. 2 C, taken at 12 hours, shows relative unrest in the epidermis. The
basal cells are more hypertrophic, and their nuclei are situated at varying dis-
0
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FIG. 3. Experiment I., magnification identical with Fig. 2. A. 36 hours after stripping,
B. 47 hours after stripping, C. 72 hours after stripping. For details see text.
tances from the base. There are still quite a few pyknotic nuclei in the prickle cell
layer while other nuclei are becoming hypertrophic. A parakeratotic layer begins
to form on the surface. The 24 hour stage (Fig. 2 D) shows the degenerative
phase largely overcome. The basal cells are greatly hypertrophic, and their
lighter, more eosinophilic cytoplasm distinguishes them sharply from the more
a
—
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basophilic prickle cells. One third or more of the thickness of the epidermis is
made up of the columnar basal cells. The right half of the picture still shows
degenerative chauges in the prickle cell layer while the left half shows considerable
hypertrophy. A multiple parakeratotic layer covers the surface, and some cells
begin to flake off. At 36 hours (Fig. 3 A) the epidermis appears consolidated.
Basal cells and prickle cells are hypertrophic, aud a new stratum granulosum
begins to form beneath the parakeratotic cells. Some rete ridges are seen, and the
corium shows hyperemia and mild inflammatory changes. No increase of mitosis
is yet found. The picture has changed abruptly at 47 hours. (Fig. 3 B). There is
again considerable unrest in the epidermis, this time due to numerous mitoses. A
multiple keratohyalin layer has formed. The right part of the picture illustrates
one of the relatively few areas in which some of the original horny layer still
persists. This does not seem to affect the response of the underlying stretch of
rete. Finally in Fig. 3 C we see at 72 hours numerous cells in all stages of mitosis.
The epidermis has practically doubled its normal thickness. Much of the original
TABLE 1
Experiment I. Nuclei per mm2
TIME
BASAL
CBLL
NUCLEI
PRICKLE
CELL
NUCLEI
ALL
INTER-
MITOTIC
NUCLEI
KKEATO-
IJYALIN
NUCLEI
PARA-
KEEATOTIC
NUCLKI
ALL
POST-
MITOTIC
NUCLEI
ALL
NUCLEI
ALL
MITOSKI
% OP
INTER-
MITOTICS
Normal 22.400 46.000 68.400 3.300 — 3.300 71.700 107 0.16
4 h. 17.500 40.800 58.300 — — 5.400 63.700 193 0.33
12h. 15.900 35.300 51.200 — — 7.300 58.500 107 0.21
24h. 14.200 30.600 44.800 — — 11.200 56.000 44 0.10
36h. 11.900 36.500 48.400 3.100 13.400 16.500 64.900 98 0.20
47 h. 10.900 33.400 44.300 9.300 10.900 20.200 64.500 888 2.00
72h. 11.300 37.100 48.400 7.900 20.100 28.000 76.400 1907 3.94
cell material is being sloughed off as a parakeratotic cast, and a new annclear
horny layer begins to form between it and the multiple stratum granulosum. The
lower contour of the epidermis is definitely ridged.
In analyzing the epidermal changes quantitatively the following categories of
nuclei were counted separately: basal cells, prickle cells below the granular layer
or, where that was absent, below the obviously devitalized layer with flattened
pyknotic nuclei, keratohyalin cells, parakeratotic cells, junctional clear cells, and
wandering cells within the rete. Binucleate cells and cells undergoing mitosis were
counted, and the latter were divided into early prophases, middle and late pro-
phases, and later stages, including metaphase to telophase. In the final computa-
tion, early prophases were not considered because their recognition was too
uucertaiu.
Table 1 shows the corrected counts of Experiment I expressed as approximate
number of nuclei per mm2 of skin surface. The relation of cells in mitosis to all
intermitotic cells is shown on a percentage basis. Table 2 lists the mean diameters
of the various cell types and of representative stretches of the epidermis. The
same data are shown in graphic form in Figs. 4, 5, and 6. There is a progressive
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increase of the thickness of the epidermis and of the diameters of the basal nuclei
up to the point when mitoses become numerous. Then the mean diameter de-
creases slightly due to the high percentage of relatively small daughter nuclei.
TABLE 2
Experiment I. Thickness of Epidermis and Transverse Diameters of Nuclei
TIME
EpIDERMIS MEAN DIAMETERS OR NUCLEI
suprapapillary medium rete ridges basal cells prickle cells keratO- paraker-
Normal
) h.
12h.
24h.
36 h.
47 h.
72 h.
42
42
45
50
69
72 (66)
71(55)
in microns
48 58
51 69
57 71
64 85
82 93
95 (87) 108 (103)
93 (77) 118 (102)
5.1
5.4
5.5
6.0
6.7
7.3
7.2
in microns
6.7 77
I
—
6.4 7.5
6.8 7.6
7.0 7.8
7.3 8.7 8.7
7.9 8.7 7.8
7.8 8.9 6.6
* Figures in parenthesis are thickness of epidermis without parakeratotic layer.
One half hour after stripping, the mean diameter of the prickle cell nuclei is
smaller than in normal skin because of the considerable number of shrunken pyk-
notic nuclei. The diameters increase more slowly than those of the basal cells,
and also show a slight decrease of the mean value after the onset of mitosis. The
ALL NUCLEI
50000
PER MrIZ
BASAL CELLS
FIG. 4. Corrected number of nuclei per mm2. Experiment I.
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FIG. 6. Mean transverse diameters of various classes of nuclei and thickness of repre-
sentative stretches of epidermis. Experiment I.
nuclear diameters of the keratohyalin cells increase steadily while parakeratotic
nuclei exhibit shrinkage in the later stages. The overall thickness of the epidermis
ALLM
PER mm
FIG. 5. Mitoses per mm1 and in relation to all intermitotic rete cells. Experiment I.
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continues to increase, but the living part shows a sharp drop between the 47 hour
and 72 hour specimens.
In contrast to the immediate and steady increase in size, the number of all
types of cells shows a sharp decline during the first 24 hours. The significance of
TABLE 3
Experiment II. Nuclear Diameters and Number of Nuclei per mm2
MZAN TRANSVERSE
DIAMETERS OF
NUMBER OF
STRIPS
Basal Prickle
cells cells
NUMBER OR NUCLEI PRR MM2 % o
INTER-
MITOTICSBasal
cells
Prickle
cells
All inter-
mitotics
All post-
mitotics
All
nuclei
All
mitoses
4 5.6 7.3 15.600 31.500 47.100 2.400 49.500 372 0.79
14 5.8 7.7 19.600 28.300 47.900 2.900 50.800 395 0.82
22 6.3 7.6 17.900 30.100 48.000 4.000 52.000 983 1.73
32 6.7 8.1 17.400 28.700 46.100 3.600 49.700 2.156 4.68
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FIG. 7. Corrected number of nuclei per mm2 and mean transverse diameters of nuclei.
Experiment II. Comparable values for complete denudation (Experiment I, 72 hours) are
shown as black squares.
this phenomenon is not quite clear. Factors which may have caused a drop are
loss of nucleated keratohyalin cells during stripping, and later loss of parakera-
totic cells due to desquamation. Both factors combined are probably not enough
to account for the entire decrease. It is possible that the mild edema and inflam-
mation found in the corium after stripping is enough to stretch the epidermis so
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that a relatively smaller number of cells would he included in a 2 mm punch. If
this explanation is valid, then the later increase in cells can Hot be attributed to a
regression of edema and inflammation. As a matter of fact, both conditions per-
sist or become more prononnced up to 47 hours. The increase in the total number
of cells at 72 hours above the original number appears definitely related to the
intense mitotic activity present between 47 and 72 honrs. Actually the total
nnmber of cells at 72 hours must have been even higher than the counted number
of nnclei as some anuclear keratinized cells have been formed by that time.
MITOSES
600 PER MM'
I, U
FIG. 8. Mitoses per mm2 and in relation to all intermitotic rete cells. Experiment II.
Comparable values for complete denudation (Experiment I, 72 hours) are shown as black
squares.
The results of this experiment generally confirmed what had been found in the
preliminary one (12). The percentage of mitoses was similar at 48 hours and was
considerably greater at 72 hours. However, althongh in the preliminary experi-
ment considerable mitotic activity was evident after 24 honrs, very few mitoses
were fonnd even 36 hours after stripping in Experiment I. As it was believed that
this difference might have been due to overzealous stripping and resulting dam-
age to the rete cells, it was decided to avoid too much denndation in the next
experiment and to take biopsies at forty eight honrs as the most likely time for
high mitotie activity.
•1160
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Experiment II. A rectangular pattern, as shown in diagram B (Fig. 1), was
stripped on the right forearm, and at 48 hours biopsies were taken at the four
cross points which had been stripped 4, 14, 22, and 32 times respectively. It
should be noted that even Point D was not so completely denuded as the strips in
Experiment I. Table 3 shows the results of cell counts and the nuclear diameters
of basal cells and prickle cells. Fig. 7 and 8 present these data in graphic form.
Nuclear diameters and mitotic activity increase with increasing denudation.
Numbers of cells do not vary significantly. This was considered as an indication
that the biopsies had been taken at the beginning of high mitotic activity.
COMMENT
Before discussing the significance of these changes it may be well to inquire
into the nature of the stimulus which brings them about. The original working
hypothesis was that loss of keratinized cells stimulates regeneration. However,
stripping also produces cellular damage due to excessive drying of the surface
layers and induces hyperemia and mild inflammation in the corium. Furthermore,
the regeneration is accompanied by hypertrophy which seems to be directly
proportional to the regenerative process. All of these factors, repair of cellular
damage, hyperemia, inflammation, and hypertrophy of various origin, are well
recognized proliferative stimuli. The fact that even minimal loss of horny layers,
such as occurs after only 4 strips, leads to significant increase of mitosis without
appreciable cellular damage or hyperemia seems to favor the original hypothesis
that it is the loss of keratinized cells itself which acts as the primary stimulus. It
is impossible to say at present how this stimulus brings about hypertrophy and
mitosis. It is hoped that future experiments may clarify the mechanism.
Next, technical sources of error and their influence on the validity of the counts
and measurements must be considered. The sources of error are many, and some
of them became apparent only in the course of this work as they were not re-
ferred to by previous authors.
There is the basic difficulty of dealing with fixed and dehydrated material. The
degree of shrinkage of sections may vary with the amount of hydration (edema)
during life, and with unintentional differences during the manipulation of the
specimens. Ideally, all biopsies of one experiment should be treated simulta-
neously and in the same containers, a condition which obviously could not be
realized in Experiment I. Fortunately for the purposes of this study, increased
shrinkage of edematous cells ought to decrease nuclear diameters. Any measured
increase in size therefore should be more significant.
There is a possibility that local anesthesia may influence the condition of the
tissue even if the anesthetic is injected subcutaneously. This difficulty could be
obviated by the use of an electrically driven punch (14) without anesthesia, and
it is intended to do this in the future. It is also possible that tissular reaction to
the first biopsy may influence the course of regeneration in nearby skin. An
attempt was made to overcome this objection by placing the biopsy sites at least
13' cm apart.
There are inherent variations of mitotic activity in the epidermis, both in
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space (15) and in time (16). Alternating areas of high and low mitotic activity
were observed in these sections, but it is believed that the area of skin examined
(approximately 50.000 square microns in each biopsy) was large enough to over-
come these differences. Biopsies were taken at 11 AM and 11PM in the first
experiment, and diurnal variation therefore can not be ruled out in this instance.
The counting of nuclei in serial sections involves errors which may be as high
as fifty per cent or more. Therefore, correction of counts is necessary and was
done by using Abercrombie's formula. This procedure is more accurate than
the counting of nuclei in alternate sections of a series or in single sections. Aber-
crombie's formula, however, is ideally applicable only to spherical nuclei, or to
elongated nuclei which are aligned in parallel fashion. The nuclei of the basal cells
often are almost twice as long as wide, and while they generally lie parallel to each
other and perpendicular to the basal membrane, the presence of rete ridges and
papillae causes them to be cut at various angles. This fact make the correction for
basal cells less satisfactory than for prickle cell with their more nearly sperical
nuclei.
The waviness of the dermo-epidermal junction also renders it difficult to be sure
if a certain nucleus is in the basal or suprabasal layer. If a rete ridge is cut tan-
gentially in a section, cells which actually are in the basal layer may appear to be
in much higher strata of the rete. This error can be avoided only by careful com-
parison of serial sections. It was for this reason that F. Pinkus maintained to the
end of his life that all mitoses are in the basal layer, even those which, in normal
sections of the epidermis, seem to be in higher layers (17). The same argument has
recently been used and well illustrated by Becker and his associates (18) in support
of their claim that all Langerhans cells are in the basal layer. Fortunately, two
factors made it easier in these experiments to recognize basal cells. First, the rete
ridges largely disappeared in the first twenty four hours after stripping, and
second, there was an increasing difference in staining of the cytoplasm of basal cells
and prickle cells, the former being considerably lighter and more eosinophilic
than the darker and definitely basophilic prickle cells.
Two other factors which appear in the second correction formula are subject
to some error. Determination of the actual length of sections is not too accurate
because of the sinuosity of the epidermis. Furthermore, the actual length of
epidermis covered by one square field also varies somewhat for the same reason.
Taking all these technical difficulties into account, it was surprising to see that
the figures obtained for single sections of a series were fairly constant, and that
the overall results followed a definite trend. It has been said that in any biological
experiment discrepancies of 5—10% may be expected. The tables and curves show
that the difference between normal values of nuclear diameters and numbers of
cells and the values attained at the end of the experiments were consideraby
higher than 10%, and that there was a consistent gradual change in the inter-
mediary stages. The number of mitoses increased almost twentyfold. It was also
reassuring to see that comparable figures in the two experiments agreed within
reasonable limits. However, no claim is made for more than approximate accuracy
of the figures,and therefore no statistical analysis of the results was attempted.
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RESULTS
It is believed though that the following results can be stated on the basis of
these experiments.
1. The resting epidermis responds quickly and vigorously to denudation of its
stratum corneum.
2. The mechanism of regeneration is mitosis of the preexisting cells. No evi-
dence of increased invasion of the epidermis by lymphocytes or other wandering
cells was found. On the contrary, in those stages in which a considerable number
TABLE 4
Distribution of Mitoses
PROS'HASES LATER STAGES
TIME
basal suprabasal higher basal suprabasal higher
Experiment I
Normal*
3h.
12h.
24h.
36h.
47h.
72h.
20
4
2
1
—
14
19
11
4
3
-
—
8
17
1
—
—
—
3
2
—
3
—
1
—
8
20
3
—
—
—
—
7
26
—
—
—
—
1
—
7
Total 60 43 6 32 36 8
Experiment II
STRIPS
4
14
22
32
2
6
9
11
3
—
5
10
—
—
1
—
4
3
7
19
2
4
5
17
—
—
—
1
Total 11 18 1 33 28 1
* These values were obtained by counting mitoses in 42 serial sections.
of inflammatory cells, mostly lymphocytes, were present in the superficial corium
there was a decrease of wandering cells in the epidermis. The number of epidermal
cells began to increase only when mitotic activity became evident.
3. Mitoses occur mainly in the basal layer and the one immediately overlying
the basal layer. Few mitoses were found in higher strata of the rete (Table 4).
Approximately half of all the mitoses were in basal cells while the number of
basal cells declined continuously throughout the 72 hour period of the first
experiment. It seems obvious that many of the daughter cells must have ascended
into the suprabasal layer and, with or without further multiplcation, must have
furnished material for keratinization. Cowdry's concept of vegetative and differ-
entiating intermitotics is supported by these findings, but under the conditions
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of these experiments the basal layer showed a higher percentage of mitoses than
Cowdry and Thuringer reported for resting skin.
4. Mitotic activity appears to be delayed when cells are appreciably damaged.
While increase of mitotic activity was found after 24 hours in the preliminary
experiment, there was barely any proliferation after 36 hours in Experiment I
in which thorough denudation had caused obvious cell damage. In Experiment
I, 72 hours were needed to reach mitotic counts comparable to the 48 hour value
in Experiment II. The relatively low 48 hour values (1j%) published for the
preliminary experiment (12) probably were due to technical errors. The specimens
of that experiment had not been suitably fixed and did not permit easy recogni-
tion of mitotic figures, particularly of prophases. Also, the correction factors
used in the later experiments were not applied to the figures published in the
preliminary report.
5. There were indications of another mechanism of direct conversion of basal
cells into prickle cells, even before mitosis set in. Due to the increase of nuclear
and cellular size combined with flattening out of rete ridges at 12 hours and
later, a smaller number of cells was required theoretically to cover the epidermo-
dermal junction. Examination of the section showed that the basal nuclei became
staggered, and that some cells apparently were squeezed upward into the prickle
cell layer. The normal epidermis of this subject's skin contained spotty pigmenta-
tion in the form of supranuclear caps in basal cells. It could be seen in favorable
areas that melanin was present in similar caps in cells of the suprabasal layer 12
hours and more after stripping.
6. Hypertrophy of the basal cells made the differences between their nuclei and
those of the junctional clear cells much more obvious as the latter's size did not
increase at a comparable rate. Only one mitosis was found in a clear cell, but
occasional binucleated specimens were seen at 12 and 24 hours. No special stains
were used for identification of these cells, but it seems that stripping and the
resulting activation and alteration of epidermal structure might be a fruitful
technic for investigation of the relations of the clear cells (dendritic cells, melano-
genocytes) to the Malpighian rete.
SUMMARY
Quantitative data were presented on number and size of human epidermal
cells during regeneration of the horny layer after stripping. Gradual hypertrophy
of the epidermis as a whole and of the cells of the rete Malpighi was found. Mitotic
activity reached values around 4% of all intermitotic cells at 48 to 72 hours after
stripping and was the only recognizable factor in the production of new cells.
Hypertrophy and mitosis were more pronounced in the basal layer than in the
higher strata. Loss of keratinized cells is believed to be the primary stimulus of
epidermal proliferation in these experiments, and this stimulus could be gradu-
ated by more or less complete denudation.
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DISCUSSION
DR. MARION B. SULZBERGER, New York, N. Y.: I would first like to thank Dr.
Pinkus for this really beautiful piece of work and then ask him concerning the
recent Eichenlaub statement that restitution of the epidermis takes place from
the prickle cell layer rather than in the basal cell layer. Do his results throw any
light on that? The established concept was of course that it is the basal cell layer
that regenerates and is plurivalent; but there have again been some proponents
of the alternate theory that the different types of epidermal cells multiply and
replace only themselves; and that the prickle cell parts of the epidermis are
developed from the cells of the prickle cell layer—and not from basal cells.
HAMILTON MONTGOMERY, Rochester, Minn.: Shattuck Hartwell, rather than
Frank Eichenlaub, deserves the credit for emphasizing that prickle cells are as
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active, if not more so, than basal cells in epidermal regeneration. He studied the
healing of surgical wounds in human beings (Archives of Surgery 18: 835 (Novem-
ber) 1929). I had the opportunity of studying his sections, and in the healing of
the surgical wound the basal cells did not participate, but the prickle cells in the
layer immediately above the basal layer participated in the healing of the wound
by a process which Hartwell referred to as an amoeboid activity, and then the
same cells assumed the basal cell form after the wound was healed. I now know
that the basal cells do not have anything to do with the formation of melanin
pigment, but they still have to do with the so-called basement membrane which
shows up with stains for mucin and polysaccharides, and with the preservation of
the relation of the epidermis to the cutis. Perhaps because of this the basal cells
are not as active as the adjacent prickle cells. I still believe tbat we have transition
from basal cell to basal squamous cell or basal prickle cell carcinoma. Kyrle
emphasized that basal cells have two functions: (1) the formation of normal
stratified epidermis and (2) the post-fetal formation of hair follicles and sebaceous
glands.
DR. STEPHEN ROTHMAN, Chicago, Ill.: Dr. Pinkus said he would try to answer
the question whether rete cells are autonomous or whether they derive from the
basal cells but apparently he did not come to a definite conclusion. Van Scott's
work on arginase (J. Invest. Dermat., 17: 21—26, 1951) suggests that basal layer
and rete are independent of each other.
DR. HERMANN PINKU5, Dctroit, Mich.: The points of Dr. Rothman and Dr.
Montgomery are well taken, and I want to thank them for their discussion. I did
not have time to read my conclusions which try to answer these questions. They
will be included in the paper when it is printed. The fact that about 50% of all
the mitoses are found in the basal layer while the number of basal cells decreases
continuously seems to be rather convincing evidence that the basal layer is the
main germinal layer, and that its products move upward and furnish prickle
cells and keratin at least under the conditions of a sudden need.
